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< 

(54) Title: NOVEL METHOD OF NUCLEIC ACID TRANSFER 

f:^ (54) ^BMo^^M mMummmxm 

(57) Abstract: It is intended to provide a method of transferring a nucleic acid which comprises: (a) the step of contacting the 
nucleic acid with a cell in a medium; and (b) the step of, after the completion of the above step (a), contacting a metal salt solution 
of a high concentration with the medium in the step (a); an agent for transferring a nucleic acid which contains a solid metal salt or 
a metal salt solution of a high concentration as a component thereof; and so on. 

Oisjymm-. (a) «KtfflSSi:$t&ife*t?gM$i±-Sxig, ts^U (b) frifl (a) <DXJg(D^. iSl;l«a)^S 
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'^•Vh^BM-^-i ^ nTU^ ^m^^fc U :7° A-^^-Stwo-hybrid^^l? 

m.'i^'¥-(Dmm^m'Mi-^m^t\^x. ABi^Mmmm^i-f^^:^^ kdnaCpdna) 

Mi^^coy ^^^'^KnT^^-^'^^mA (as-dna) ^ 

SV^^#RNA (short interfering RNA;siRNA) f^if:d^m\/^htl^o ^Itl^fe^^ilffl 
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i> >f yl^;^ ^ :^ ' — ^fe (Mah C et al. Virus-based gene delivery systems., CI 
in Pharmacokinet. 2002 ; 41 (12) : 901-911) {^^ ^ ^ /VJ^^i^ -^^ ^^i^i)^?\^^(D 

mm^ti^uw uTv^;5 fcfe, g m(Dm.^^^ ^^/i^:^^^ ^—i,z.mA libs^^c^ 

10 pDNA> AS-DNA^ siRNAOlffliart^O^AJ^M UTfis _LtB<D^ b a ^° v- 

3 ✓^ife (Gehl J, Electroporation: theory and methods, perspectives for drug 
delivery, gene therapy and reseeirch. , Acta Phisiol scand. 2003; 117 (4) :43 
7-47) ^ ]} >'^;*r7l^v'r>A*it;ife (Batard P et al. Transfer of high copy numb 
er plasmid into mammalian cells by calcium phosphate transfrection. , Gene 

15 , 2001;270:61-68) ^ DEAE-T^'^^f >^ h "7 "^W: (Holter W et al. Efficient gene tra 
nsfer by sequential treatment of mammalian cells with DEAE-dextran and dec 
xyribonucleic acid. , Exp Cell Res. 1989 ; 184 (2) : 546-551) , ]} a 
ife (Rocha A et al, Improvement of DNA transfection with cationic liposomes 
., L Physiol Biochem. 2002; 58 (1) : 45-56) ^ ^fci^^:^^yi^ V -^^^^^^fc:^'^ 

20 (De Smedt SC, et al, Cationic polymer Based Gene Delivery Systems. , Pharm 

.Res. 2000; 17(2) : 113-26) fjl t^(D^\\mi!)^'£^^^ tt^^o 

DEAE-x>:^ hvi^m. V Jt?:7a.^ v-g ^-ife^DcfctJ^i^^-^^^y -^-%>^v^fc:b^& 
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( 1 ) &.-f(oi:u ( a ) ( b ) ^^t^mmmAm 

(b) mm (a) <Dx@(Dm. mm^<7:>^mmm^^mm (a) (DJt±i&i!^j§^$-^ 

(2) I^^^S— ;2^^DNA^ ~7^0DNA^ — ;2^0RNAs — :2|s;^RNA^ ;r y 
^^^i^l-:t^]^^-^f:L\-iV^-^4 J>^Xh^. mm (1) IB«(3D;|^^^A&s 

(3) ZL^m.'DNA^tcl-iZ.^m.RNA^^^ W:B^'^tinM'^(D]f^Mxh^ s m 
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IB (2) mm(Dmm:mxm. 

(4) mVtll^^DNAy!}^^^^^^^ F(D?f^liT'S)§> tiTlB (3) WMoom^ 

mAm. 

/}N;^;}Nn5=-;^^^ 2' -O- (2-^h^v') ^ 

'f-ZV-m^imk (2' -MOE-f^t$^^) > ^V^T#RNA (s i RNA) . ^ 

^M^^ (LNA) > ^:/5^K^^ (PNA) ^fc{Myi/:7;a- y y • r^^^^-fe^^:^ 

HulB (2) iBS©;i^^#A?fe. 

mrta (i) ~ (5) \^'rfim^Wi.<omBMAm. 

(7) it#:S5l5i^H;asr7^n3^— HirlB (6) WM(OimkMA^. 

(8) X@ (a) (Dm^tm^^^^m^^^M,^Wi^<Dmm^^O. 1M~3. 

OM<Df£iai^-efc§. Suia (1) ~ (7) \^-fM^WM.(DWMM?^^. 

(9) X© (a) (Dm^tm%^'^^^mM&^m,Mmw.(omm.-^^o . 5m~2. 

r 

(10) (a) (Dmmtw.m-^^^miM^^m^^w.(Dm^. x© (a) 

JtJ^fcS 00jtxL^fc«9 lAtL~20M L<Z)$Bffll^-efeS. ttftB (1) ~ (9) V^-f 

(11) -XM (a) c>i#i|fii:^^^^^SJ^^»^^S4t^^^(DS;0S. X© (a) 

i§it5 0 0a L^fc*? 2 jLi L~l 0 A L(75t&Hl^T^fc^s BUlB (1 0) IB^O;^^ 

(12) :&JP:S^?^;?is-'(ffi^M(^it'ft;i^^?^"efe^s ttflB (1) ~ (11) v^-f 

^;6^ffi«60^^^A?^> 

(13) -'fjffi^M(^ii:'fbi^:^?^J0Sit'fb;^/vv'i>A^?^-tr$)6s tuWB (12) |B«c 

(D;^^^A^s 

(16) ttfIB (1) ~ (13) \'^'rM>WM(oWMM^M(Of^^\^^^^^^^^ 
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(1 7) 
1 4) 
(1 8) 



0 . 1M~6. OM(D|&|Si^'Cfe^s HUlB ( 

(16) \^^-rfh^mm(DmmmAMs 

miMM-^0,MMU(D^S./b^ 0 . 5M~4. OM(Dt&iart-efcas BUlB ( 



1 7) fB«(^^^^A^IJs 

.(19) ■^mM^^:=:.m^m(Dm.'itmx-h^. mm (i4) ~ (is) v^-rtb;^^iB 



(20) zim-^m (DmtWMi\:>:^ jv^y -e ^ . tulB ( i 9 ) fa«(^^^^ 
(2 1) tufa (14) ~ (2 0) v^-rtb;?l^tB«t<Z);|^^^A^IJ^^Wi-^^^*A 
(2 2) BulB (14) ~ (2 1) v^Ttt^^fB«(D;^^^A^|J*fcf*^^y b<^). ^ 



(2 3) OT<^Xm (a) RD^^ (b) ^-^tP^^^A^fe: 



(a) ;^^^m^^i#ii&4'-T:?^l^i!$-l^^xm> 

(b) ttrlB (a) (DXe(^)^. i«iSS<^)M^b;^/^v/!i^-^^IS^HiflB (a) (O'^m.h 

y ri'^ ^ \^ir^ fcfi y 4?if-r ATfe 6 , Sutfi (23) |B^<Dl^St^Afes 

(2 5) -7^^DNA^/c(i-:*:^RNA;0S, E^)yt*fc(4#t^(D?F^B-efe'5. 

tuia (24) |B«®^^*A?^ s 
(2 6) ^4>tz::*:^DNA;d5|Sii.:7"7;=^^ K<^?I^S-e&^x tulB (2 5) IBictD 

, 7^^;^7i^T3^;^a:^— h::^y r^T^^^v'^iJ^ V::^^Fs 2' -O- (2-;^b=^v-) 

31 ^71^- 



(2' -MOE-f^fUl^^) . ^V^T^RNA (s i RNA) . 

(LNA) . ^•f^'^W^ (PNA) ^fc(i^/^:7;a-y 7 • r^^-fe^ 



mrta (24) fsm^^^^^A?*. 

#:(Z)?f^m-efe§. ttilB (2 3) ~ (2 7) V^-rt^^>|B«CD;|^^#A^fe. 
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(2 9) ^i^m^!i^M:^^rTn=i^^/f:^'Ch:5^ mTiB (2 8) mm(Dm^m:K 
(3 0) xm (a) (Dm^tmm^'&^MB&&it:if^i^zy^j>.mm(Dmm-d^o. 

1M~3. OM<D^m\HX-h^. mm (2 3) ~ (2 9) V^-rtb^^|B^(D:l^^^A 

5 

(31) ( a ) o i^m mmMmt:if ^ j>m^(om.mi^ o . 

5M~2. OM(^iElSl^-t?fe^> fttriB (30) tB^(^^^^Aife. 

(3 2) xm (a) (o'^^hw^^^'^'^^UMAY.'^ ^m^(om>K xm 

(a) (DJ#*5 0 0m 1 /z L~2 0 n L<Z)i£ISF^X?fc6, ttflB (2 3) ~ 

10 (3 1) v^-rtt;^)^IB«o;^^#A^'^^ 

(3 3) xm (a) (0^^hWk^^^%^^m\LiJ}V%/t? J>^W^(r>m)^. xm 

(a) (^i#itfe5 O 0 /i L^fc»9 2 /z L~l 0 n LOfSfflt^-efe^^ ftulB (3 2) fB 

15 i--5.^^#A^i. 

(3 6) mriB (2 3) ~ (3 3) \^-Ttit^wM<Dm^m-A^(Dfcm^m^^hn^ 

^ BufB (3 4) i^TM (3 5) iagc<Z)1^^^A^ik 
20 (3 7) MB&l&ih:^ /l^-y ^ J^^m(Dm^i!)^ 0 . 1M~6. OM(DmM\^'Ch^ 

. tuiB (3 4) ~ (3 6) \^^ir^^^mm(Dmm.mAM. 

(3 8) M^&&i^:ti^^-:y'C7J^W^(DM^7!)^o. 5M~4. 0M<Dt£ISF*3-efc^ 

. tufa (37) fB«<^;^^^A^iJ. 

(3 9) tuia (3 4) ~ (3 8) \^^'rtitmm(DmmmAm^^^'r^m^mA 
25 m^^y hs t^hm^ 

(4 0) stfia (3 4) ~ (3 9) \^^irti:^>mm.(DmmmAm'^t^n^y h<D, m 
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HI 4 fi, ;2^^P^(7)|^^2SA?i ^>ffiv^6 r i J: 9 ^ siRNAtrNEC8lMS-^^A bfc 

•So 

(^^'n'#:^PC-3M-Luc-C6|fflJ3S^^Abfc|g:i:^:^-t"^'9:7-t?fe5o A)}^t benhanc 
er of zeste horaolog2 (EZH2) J:i>t-^§siRNA^A<^^:^^> B) ^iphosphoinositide 
3' -hydroxykinase pllO-alpha subunit (pllO-alpha) ic:>(5j-t-<5siRNA#AC>MIP:^ 

<i^fj:<.ti>&.-r(DJlU (a) (b) : 

(b) tufa (a) (DXM(Dm. mmM(D^mMmm^mm (a) commti^M^-^ 
^■#£f^^2#A?i^m#^-r5o 

t?-^7Ky K (DNA, RNA) . ;t y :^fcJiy 
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■^^m (DmWi^—^^T^ N A * fc ti— R N A -e nT 

(DNA) , y Ji^^p^ V;^^ K (RNA) ^ :^y^:^x:t'f-:t^— h:t]) =i^T^:t^l^^ 

(small interfering RNA : siRNA) . (Locked Nucleic Acid: LNA ; S 

ingh, et al, Chern. Commun. , 455, 1998). (Peptide Nucleic Acid: 

PNA; Nielsen, et al. , Science, 254, 1497, 1991) > :^ fc (i-^/l^ :7 y y •T:x 

(Morpholino antisense; Summerton and Weller, Antisense & Nucl 
eic Acid Drug Development, 7, 187, 1997) /=e ^^tf0!l^i~S - ^ ^5"e# §o 

m^^m^. a^(D^t'^5^^A^-jlv^fett6^t.g (o.ooi—ioooMg/mD x-mm 
mmmmt \^xn. mx.itm^y^. ±m&^ikm.7h. m?Esmmm i-^i^'-^m . tri 

smmW (v-^'^^h) . PBS^Hf^^ (Invitrogenlt) , Bl^i^^i^Mm^mf ^ ^ t 
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f^Of^^fi^ MX-f^SCS^N Panyman et al. Biodegradable nanoparticles for dru 
g and gene delivery to cells ant tissue., Adv Drug Deliv Rev. 2003;55(3):3 
29-47, Li XW et al. Sustained expression in mammalian cells with DNA comp 
lexed with chitosan, nanoparticles, , Biochem Biophys Acta. 2003; 1630 (1) '.7-1 

8 , WO 03/000297-^<^^j^e^icti6v^fT9 w^;et5-e%6o 

^^^V^'^^^M^(Oll^^\tS). 00001%~3% (0. 0001mg/raL~30mg/mL) (D^^X^ 

mir^^Ltt^X'^^ 0*b< (*o.oooi%~o.3%, J; u< fio.ooo5%~o. 1% 

(Dmrnxmrn-i-^ ^t-mx^^. 

mnf£\^\ Mci^m^n, mmmm^s ±^m^k. fy&mm. wm^m^. y ^^^^^ 
^^jIW. mw». mmm,. mmmm. r?i—ymmmfj:t^ci^\^x:^ 

^^XhoXi>%\\ M;t(i*RPMI1640 (Invitrogen|±) ^ DULBECCO' S MODIFIED EA 
GLE MEDIA (Invitrogen^fc) ^ F-10 Nutrient Mixture (Invitrogen|±) ^ F-12 Nut 
rient Mixture (Invitrogen^fc) ^ Iscove' s Modified Dulbecco' s Media (Invitro 
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1 0 

gen1±) ^fcfiMINIMUM ESSENTIAL MEDIA (Invitrogen^t) i£-d^M7T^^f^^o 

i^fzLmMrmt bT(±. HEPEs^w^s i-y^'-^m . iRismmi^ i^yi^'-^m ^ pbs 

m.W^ (Invitrogen|±) ^^^^ ^ ti^ ^ o 

$>oTt>av\ 0*b<fio~2o% (v/v) (Dmm^^^mfhn. x^m-^vKn^ 
—10% (v/v) (Dmm^^mfhfh^^ 

LTs ct ^:^#:e^i-fi> Mx.(iStflB^«(^it^4^. y ^^m. ^ 

So 

^Xh^^Lt^l^iTo ^l^^t^fiO. 1M~3. OMOfEIS^^^Pif 6>tl.> 0^b< 
fiO. 3M~3. OM<D^ia;65x j;>90^L<fiO. 5M~3. OMCDiaiS:^)^, § 
b ^-^f * b < (i 0 . 5M~2. 5M(DmW^. #t310^b<f±O. 5M~2. OM 

<DfSIS;0^ *:t>0*b<(±l. 0M~2. 0M<Dt^|Sl;ei5#if e)t^'5c 
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T^t>J:v^:^lS, MK-itmrnTi^. ^mm±M^. mPEsmmm {i^^^-^m > tris^w 

m (v'iJ^'-^li) ^ PBSmnn^ (Invitrogen^±) . lfflW*it*^S^fflV^5 ^ :dS-e 

So 

M.i^'^ I- fi> M ;t i^mm^W h.r=Tnr=L=7 '-^^yii^W^ t (om^i^W^'^^^'r 



wo 2005/061717 



PCT/JP2004/019160 



1 2 

SOOjLiL^fc^) 1aL~20mL (») i"^ ^ i: id^^ 

^LV\ ^7t. X@ (a) OJtia 5 0 0 /X L ^ fc 19 2 /z L ~ 1 0 

AtL^^M (m;!]P) i-'5^.h^5j;t9 0^b<. Xm (a) (D 5 0 O /x L ^ ^^"9 

® (a) i#»Sr^^i-6(^^5— j^6^-efe^fc:J?)^ l/zL~20jtzL/!>ai/K J; !9 * b 

oi^m^^^^MWi^. ib#Fh1~i 0®^J#*-t-'5o lEBJia-^(^^^ 
M>i^m^^ ^ t:d^X^ 
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1 3 

1M~3. OM(DtllS^S^if ^^b<fiO. 3M~3. OM(^f£ffl:0^ J; "9 

0^b<fiO. 5M~3. OMOt5|S;55, $ fj^il^^ b< fiO . 5M~2. 5M(D 
mM-^^. b< fiO. 5M~2. 0M(DttlS;a5> St50^b<{il. 0M~ 

> 0^b<f*O. 1M~6. OM(Dmm^^ifhfl^ ^^ilJt.L-<iiO. 1M~4 

j;v^/DS, mx-itmrn:^. ^mm-k&^k. hepesM»^^ (v'iJ^^V|±) , tris^« 

m (v-i5^vi±) , PBsiswi^ (invitrogenti) . mmmmmi^m^mf^ ^ t^^^x 
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1 4 



RIS^®^ (v'iJ^'-eti) > PBS^Wwt (Invitrogeni±) , MS^i^^i^M^^^ hk^-^ 



19 /=e/^bPS^$n5ti<z)-e(^/^v\ 



:i^^^Ajfe(D:i^W- (1) 



iooAtL»b. i^m.^fik^M^:^'ii^x^)m\^r^o t biiJWE^*_b^lfflJ3a-T:?fc§ 2 

93|BJ!a (ATCC: Cell Biology Collection) ^10%^ iyikW (FBS) -^^DMEMJ^ifi (Si 
gma)iC^SU ll^^/l^fefc 19 2. 5 X lO^jli (500 MUl^tCo IfflMSS^E*?^^ 
1. 7Mii.'fb;5;/^-=Xl>A7K^?R^O, 1.5, 2. 5, 3.5, 5.0, 6.5, 8.0AfL^;!]Pb^ i^—t 

J; 5 h ^^#bfco it±&'ti(D*j^ii:'fb;57y^->'i> A^^fii. SmM, 

7. ImM, 10. 2mM, 14. 2mM, 19. 5inM, 24. SmM, 30. ImM i ^ o ^i3aftSf^2 0 g ^^1^ 

ytmmmxMm^mm bxcFP^ism bTv^siB«^if S'j b. ^A^^sr^m b 

l^:i:Sr|lli Ic^-To mi j; ^J^^b^O^^cCj; 5 i^iiit (1. 7M) (DMit^/i^-^^ J>> 
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i|2 



10 



15 



20 



25 



mmmxm(Dmm (2) 



1:7" 



M^100/ig/mL®GFP^Ji,:7"^:^5: KtKI^^S^IOO L» f«^Jl.^n^# i^^^t 
■T?^i^bfCo ii:'fk;^/^>'t>i:.^^^S^tl.-€tbl. 8mM, 7. ImM, 10. 2mM, 14. 2raM, 19.5 
ttiM, 24. 8mM, 30. ImMi: i 5 ^-J$±l&(-^i6it'fb:^?/^v'!> i^^^^^%^^;!JP LT*5#^ 
^tl^^^fh<Di^m^F^V^X293m^^^M\^. 1 !i7ai/Wfcfcl9 2. 5 X 10''#| (500 L) 



2 tzi^i-, 



ill<^)^:^ (mi) 'f^^Mit:^^i^Zy^J>>mW. 



ft 



'J 3 



S^bfco 

24l>^/^|ffljBSi#^:/l^— h JCIOO^ g/mL<DGFP^^>^^^ ^ KtR^^I^^IOOm L^;tJB 
b. 7^®^nAt^^l-t6::fe^i£T?^J®bfCo t b^^|g=)sS5|5±^Ma-efc;5 HeLalH 
Jia (ATCC: Cell Biology Collection) SrlO%FBS-^^DMEMii-i^fi (Sigma) tC^M b> 1 
T>j^/l/^fc«9 1. 5 X 10* (500 mL) SffiblTCo lBJ3^S®^il:t>J-l. 7M±^'fb;577l^v^ 
!>A7K^?i^^0, 1.5, 2.5, 3,5, 5.0, 6.5, 2,.^ ulMMX^^—hfi:^ ^0\^y\^— 
V trm# bfCo «M^4 0 g XZ.'mtW^Xm^ bTGFP bX V ^ 5 

mm^^f^m bv ^a^^^»w bfc„ 
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1 6 

t hFGF-4<Z)mRNA%#M6^^c:^$lJi-5siRNA(g;T hEx3-l ir^-f^) tr#Affli|^^ 

^_L^IHJ3S NEC8 (ATCC: Cell Biology Collection) ^^A^M^t UT^V^fCo 
6 f> ^^klffll^i^*-:?' 1/— h IdlO g/mLOhEx3-l7K^?K^350 m L^JP L> ?^jaSr?^ 
#:a^tt6:;^?^T?^;^LfCo NEC8iBJ3a^lO%FBS'Q-WDMEMJ§j& (Sigma) ^C^^ L> l:/ 
1/— hfefc«9 3. 75 X lO'-fli (1.5mL) mUl^fc, m^MU^Wi'hi^l. 7Mm.^t:h 

iU]^X^i&'p(DFGP-A^M^ELlSk (Human FGF-4 Quantikine ELISA kit; R&D Syst 
ems) -e^ibfCo C>ai/^cj3(D|HJ3^^[plf|X L"Ci5^ ^^~^°i^i^Bradfordt^ (Bio-R 
ad Protein Assay; BioRad) X'^AVtio ^M'=p(DFGF-4mM^^hnfc^ 

1^:1:^111 4 fc^-To hEx3-l(D^At^ J: »9 JtJtfe't'-^<5!)FGF-4(^^;^;eiS^^IJ $ ttfCo 
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8. X© (a) CDit±lSi:^»^^i:5S^ftS^Mi^t^?^(55Mit^^^0. 1M~3. 0 

M(Z)isiffii^T& 5 . If 1 — 7 \^-rM^mm(DmmmAmo 
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